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DATE: April 17, 1962

TO : Files
FROM : Code 616.2 - John H, Lane and Nancy L, Kemmerer

SUBJECT : Nike-Cajun Sounding Rocket Performance

The Nike-Cajun (Figure 1) is the most widely used vehicle in the NASA
National Sounding Rocket Program. It has also seen extensive service with
other U,S, research agencies and with nations overseas.

Goddard's ability to accurately predict Nike-Cajun performance has in-

creased significantly within the last year as a result of:

1. Completion of trajectory studies run on an IBM 7290 computer,

2, Analysis of Nike-Cajun radar data and comparison of theoretical
and actual performance,

3. Preparation of curves for predicting performance of the Nike-
Cajun system,

Because Nike-Cajun performance is highly sensitive to variations in
Cajun draz, it was necessary to run calculations with what may be termed "low"
"medium", and "high" drag coefficient inputs. The Cajun drag configurations

considered were:

CASE 1
low Drag: Clean payload (no antennae) with 11° total angle
(6.75 inch diameter) nose cone (see Cajun drawing,Fig. 2).

CASE 11
Medium Drag: Two dovap antennae (Fig. 3) with 11° total angle
(6.75 inch diameter) nose cone
or
Medium Drag: Clean payload (no antennae) with 20° total angle
(6.75 inch diameter) nose cone,



CASE TII
High Drag: Four 45° swept turnstile antennae (Fig. 4) with
110 total angle (6.75 inch diameter) nose cone.

Computer calculations were conducted for Nike-Cajun Rockets having the

following characteristics:

1. Sea level launch altitude

2. Launch elevation angles of 70, 75, 39, 32,84, 86, and 90 de-
grees

3. Gross payload weights of 40, 50, 60, 70, 30, 90, 100, 110, and
120 1bs, (gross payload defined as all weight forward of the
Cajun motor head).

4, Cajun ignition time of 17 seconds

5. Cajun drag configuration: Case 1, Case II, Case 1II.

Additional information on assumptions and inputs for these calculations
are given in Table 1 and Figures 5 througzh 8,

Results of the Nike-Cajun calculations are listed in Tables 2, 3, and
4, Major performance parameters at Nike burnout and Cajun ignition, burnout,
apogee, and impact are plotted as a function of payload and launch angle in
Figures 9 through 23, These curves are intended for use in predicting the per-
formance of the Nike-Cajun having drag coefficient curves identical or sim-
ilar to those of drag cases I, II, III.

A detailed evaluation of available Nike-Cajun radar data is now being
conducted to determine adequacy of inputs to the theoretical calculations,
Partial results, a comparison of theoretical and actual (radar) performance

for ei; ht rockets, are shown in Table 5. Here, the avera e discrepancies in



peak altitude and impact range were found to be only 3.5 and 2.9 statute
miles respectively excluding results of NASA 10.74 which is known to have
experienced pitch-roll coupling (roll lock-in) shortly after Cajun burnout.
It should be emphasized that the theoretical values shown in Table 5 result
from post-flight calculations using actual (radar) values for Cajun ignition
time and effective flight path angle.

The accuracy of pre-flight estimates are often adversely affected by

limitations of the firing range in predicting wind effects and, hence, ef-

fective launch elevation angle. For a typical Nike-Cajun, a 2° discrepancy

in effective angle results in a peak altitude error of 2,5 miles and an im-

pact range error of about 15 miles., It appears that, in general, peak altitude

predictions within plus and minus six miles of actual can be expected if a

very careful determifation of weight and drag configuration is made,
Performance investigations have not yet been run for some Cajun pay-

load geometries, The "grenade series" (4 dovap antennae and an 18 inch long

nose cone with 10U lbs of extra weight in the Nike adapter) is in this cat-

egory.

RECOMMENDATIONS FOR USE UF NIKE-CAJUN PERFORMANCE CURVES

1. Carefully determine the correct dra; case, payload weight, and launch
angle (desired effective launch angle) before entering curves.
2, Specify at least a plus-and-minus six mile tolerance on peak altitude

predictions.



3. Consult with Code 616.2 in situations where drag configuration does
not appear to match any of the three cases defined above, or where other

deviations from normal Nike-Cajun input parameters are present,

DISTRIBUTION:

Leslie M, Meredith, Code 610

Karl R. Medrow, Code 616

George E, MacVeigh, Code 616.1

Ernest F, Sorgnit, Code 616.2 (7 copies)
Edward E. Bissell, Code 616.3

Eleanor C. Pressly, Code 6l6.4

William Phillips, Code 616.4 (16 copies)

Robert Duffy, Wallops Island (2 copies)
Lloyd Parker, Wallops Island (2 copies)

Ahmed Foruqi, Code 616.1 (2 copies)
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TABLE 1

SUMPTIONS AND INPUTS FOR NIKE-CAJUN TRAJECTORY CALCULATIONS

ASSUMPT IONS

Tvo dimensional puint-mass trajectory.
Spherical, nou-rotating Earth.

Inverse square gravitational field.
Standard Atmosphere,ICAU extension,
Sea level launch.

17 second Cajun ignition.

owv W .’\""‘

INPUTS

W= w + wp/, = total mass (lbs. mass) where w is mass without payload,
wp/1, is payload mass.

At t = 0 sec. (Nike Ignition) w = 1520 1lbs, mass
= 3.5 sec. (Nike Burnout before separation) w= 765 lbs. mass.

.
o
-

|

From O to 3.5 sec. mass flow rate is assumed constant,

w = 755 = 215.714 lbs. mass/sec
3.5

From 3.5 seconds (after stage separation) to 17.0 seconds, w = 202 lbs.

From 17.0 to 21.0 seconds (Cajun burning) w is as given in figure 5,
From 21.0 seconds to impact, w = 83 lbs. mass,

Payload weights, wp,j are taken at 10 lbs. mass intervals from 40 to
120 1bs. mass,.

Thrust

T = Tgy + Ag (Pg - Ep)

where

Nike

T = total thrust (1lbs)

Tgy, = thrust at sea level (1lbs)

AE = nozzle exit area (square inches)
Pp = nozzle exit pressure = 14,7 psia
P, = ambient pressure (psia)

Burning:
Burning period : U to 3.5 seconds
Tg = 42,500 lbs. = constant

Ap = T (16.333)2 = 209.4 inches 2
A

mass.



TABLE 1 Cont,

Cajun Burning:
Burning period: 17.0 to 21.0 seconds
Tgy = as per figuge 6
Ag = 37.1 inches

Drag

Drag coefficients for Nike thrusting period as given in figure 7.

Drag coefficients for Cajun coasting and thrusting periods as given in
figure 8 (for Cajun payload configuration I, II, and III).

Launch Elevation Angles

Taken as 70°, 759, 80°, 82°, 84°, 86°, and 90°.
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CASE I DRAG CONFIGURATION

CLEAN (NO ANTENNAE) WITH 11° NOSE CONE
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CASE II DRAG CONFIGURATION
TWO DOVAP ANTENNAE WITH 11° NOSE CONE
OR

CLEAN (NO ANTENNAE) WITH 20° NOSE CONE
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CASE III DRAG CONFIGURATION

FOUR 45° SWEPT TURNSTILE ANTENNAE WITH 11° NOSE CONE
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